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Powerful new technologies now under development by U5, businesses, universities, and
government promisé to wansform virtually every industry and many human endeavors. These
technologies could also be hamessed to transform education and training in ways previously
unimaginable. Ramd advancements in the years ahead could enable new learming environments
usitg simulations, visualizations, immersive environments, game playing, intelligent tutors and
avatars, nerworks of learners, reusable building blocks of content, and more. The technologies
that are coming could create rich and compelling leaming opportunities that meet all learners®
needs, and provide knowledge and training when and where it is nesded, while boosting the
productivity of learning and lowering its cost.

Successful development and deployment of these technologies in education and training could
have a profound effect on American competitiveness and our standard of living, A world-class
workforce is vital to the Nation's ability to compete. But staying on wp in today's knowledge-
based economy means Amenicans must have greater and more effective access to the knowledge
and skills development they neéed to flounish as students, employees, and citizens in a rapidly
changing world.

There are many challenges in the process of innovation that we must address to take advantage
of these technologies to improve leaming. For example, advanced technologies developed to
meet other purposes must be translated into affordable tools for learners to use. Technical
standards must be deployed 10 help guide the development of education and training content that
will be drawn from countless sources throughout the world, The technology community mist
form stronger parinerships with the education community. Our education and training
institations need to prepare for rapid technological change.

We asked a number of distinguished individuals and teams from a wide range of technology and
education fields to look out into the future, and descnbe what these leaming experiences and
technologies could be like. They responded with a rich collection of vistons that offer a glimpse
of a future in which learners could explore worlds and cultures beyond their own, in both
distance and time as if they were there. Surgeons could hone life-savings skills in realistic
seitings without putting patients at nisk. Students ¢ould interact with historical figures.
Educators ¢ould have new high-wage job opportunitics. And students, teachers, and parents
could collaborate in productive new ways. A few of these visions offer cautionary tales that
should serve to remind us that we must stnve to apply the power of technology in ways that
empower leamers and teachers, enlighten the mind, and corich all of our lives,

These visions are intended to contribute to our understanding of the potential of thess

technologies to foster innovation in our leaming enterprise, the research that is needed, and the
challenges that lie ahead.

Donald L. Evans
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September 9, 2002

Dear Colleague:

Everywhere one looks, the Internet and information technology are transforming every aspect of
life in the United States. We are living, shopping, working, governing, and communicating in
new ways that are enabled by technology. Organizations are learning how technologies
streamline processes, emable real-time information transactions, expand markets beyond
geographic areas, and customize service offerings to the needs of customers. These new
capabilities have done more than simply make organizations more efficient - they have forced
leaders to rethink markets and reengineer business structures and processes that led to dramatic

improvement in quality.

But to a large extent, schools have been an exception to this information revolution.  Indeed,
education is the only business still debating the usefulness of technology. Schools remain
unchanged for the most part despite numerous reforms and increased investments in computers
and networks, The way we organize schools and provide instruction is essentially the same as it
was when our Founding Fathers went to school. Pur another way, we still educate our students
based on an agricultural timetable, in an industrial setting, yet tell students they live in a digital

age.

The problem is not that we have expected too much from technology in education — it is that we
have settled for too little. Many schools have simply applied technology on top of traditional
teaching practices rather than reinventing themselves around the possibilities technology allows.
The result is marginal — 1f any — improvement.

The visioning exercise facilitated by the Department of Commerce provides an opportunity to
dream how technology can not only improve instruction, but also fransform what we think of as
education. These visions force us to question our traditional assumptions while stretching our
minds with how technology can be used to reach every child with a quality education.

An old proverb says, “A vision without a plan is just a dream. A plan without a vision is just
drudgery. But a vision with a plan can change the world.” These visions will be used to help
shape the Mational Educational Technology Plan that is required by the No Child Left Behind Act
af 2001. Together, these visions and the plan will shape the direction for a 21% century education
that will meet expectations of excellence set forth by No Child Left Behind.

Chir missian 5 to ensure equal access o educalion and to promale educational excellenes throughowt the Maotion
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To build a better, stronger America requires us to start first with ensuring that every child
receives a quality education. 1 want to thank these visionaries for their commitment to that goal
and for helping us to dream of what is not, but could be.

Rod Paige
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TECHNOLOGIES AND LEARNING

Ruzena Baj csy
Director, Center for Information Technology Research in the Interest of Society
University of California at Berkeley

The goa of technology, and especially
information technology, must be to create an
environment where every learner will have a
series of resources and teachersin different
discipline expertise and in different locations,
with a teacher/mentor to help organize the
information, and help the student pursue some
areasin depth. Thisis currently too expensive,
but there is hope that several upcoming
technologies listed below can be deployed in the
future.

Aswe know, the MOTIVATION of the
learner is the most important factor in learning.
Hence the question becomes - how can
technology help and facilitate motivation during
the process of learning?

We do not advocate replacing the human
teacher with the technology! Future technology
must live in a symbiotic relationship amongst
teachers, students, parents and society at large.
We view the technology as an ENABLER in a
number of ways.

1. Help organize and provide structure for the
teacher’s materia to students

2. Help students, teachers and parents interact
(anytime and anywhere), in order to follow
progress of learning in a given subject

3. Fecilitate and assist in the authentication,
search and prioritization of the digital
material available on the WEB, which in this
case serves as aworld wide encyclopedia

4. Simulate and visualize structures and
processes which are the result of physical,
chemical, biological and engineering models
and to interact in real time with them

5. Helpinlearning history, and /or future
trends because technology can reconstruct
life and, hence facilitate visualization of

going BACK and FORTH intime. A few
examples might be: walk through old Rome,
old Egypt, old Harlem, and their like or also
awalk through FUTURE New York, or a
devastated or polluted environment, etc.

6. A tool for the handicapped population, (this
includes elderly). Technology can serve as
an extension and enhancer for their missing
capabilities, being either perceptual,
physical or cognitive, so that they can
equally receive the delivered information for
agiven subject, just as the normal
population. Severa examples might be, for
the visually impaired, one can have brall
lettered terminals and input/output devices.
For paraplegic subjects there are severa
robotic customized devices for interacting
with teaching materia. For the cognitively
impaired population, the teaching material
must be adapted properly. Here the software
enabler mentioned in examplel will be of
use.

Finally, this technology can be of great help
among the multilingua population, with
automated trand ators available both to teachers,
students and parents.

The above enablers depend mostly on
subjects which are sufficiently conceptualized
and can be delivered through media, such as
television or computer screens. Here the
information is textua, verba or pictorial.

However, there are skills to be learned that
require physical interaction with the world,
and/or carrying out an experiment. Here again,
the ideal situation would be for each student to
have their own experimental setup. However, in
many cases thisis not possible for a variety of
reasons, not the least of which is the cost
involved.



This technology can help again!

1. Inorder to have accessto expensive
|aboratories and facilities, one can
deploy tele-robotic technologies. With
these tele-robots, students can interact
with the physical experiment. They can
see, hear and feel the affects of the
interaction and ask “what if “ questions.
These kinds of interactions not only help
students to understand and embody the
knowledge, but it aso keeps student’s
engagement active, which helps them to
be motivated.

2. Themost advanced and most desirable
technology is the crestion of atele-
immersive environment for teaching and
learning. Thisis athree dimensiona
virtua space, which mimics the real
space both visudly, auraly and
tactually. It isonein which both the
student/apprentice and teacher/master
can meet and interact. This technology
does not exist yet but it is very feasible
from what we know today.

The advantages of such an environment are
many. First, the students and teachers do not
have to be physically collocated. Secondly, the
teacher can advise/coach severa students and
yet the student would fedl that he/sheisthe only
one getting the teacher’ s full attention.

Third, this technology would facilitate
demonstration/coaching of physical and/or
mechanical skills (such as surgery, operating
complex machinery, etc.), which require true
gpatio-tempora observations of the master. In
turn the master can make the same spatio-
temporal observations of the students and give
not only verbal but also mechanical feedback.
This feedback is critical for the apprentice since
it will give him/her a sense of being in direct
touch with redlity, of being able to control
events and get the perceptual feedback
concerning how he/sheis doing.

Finaly, we can speculate on multi-site tele-
immersive environments which may be needed
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for the teaching and training of cooperative
activities, such as playing in an orchestra,
dancing in an ensemble, coordinated war games,
coordinated manufacturing and their like. It is
not too difficult to extrapolate the one
teacher/student scenario to multi-students and
one director scenario by deploying the
distributed tele-mmersive environments.

One open question remains — Can the tele-
presence reproduce a sense of being there so that
what is learned transfers to the real world?

All of this technology will never be used
unless there is sustained and substantial
investment into the necessary infrastructure
covering not only schools, but libraries and
homes, smilar to the investment that was made
in the past in electrification and later in
telephone infrastructure.
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Dr. Ruzena Bajcsy was appointed Director
of CITRISat the University of California,
Berkeley on November 1, 2001. Prior to coming
to Berkeley, she was Assistant Director of the
Computer Information Science and Engineering
Directorate (CISE) between December 1, 1998
and September 1, 2001. As head of National
Science Foundation’s CISE directorate, Dr.
Bajcsy managed a $500 million annual budget.
She came to the NSF from the University of
Pennsylvania where she was a professor of
computer science and engineering.

Dr. Bajcsy isa pioneering researcher in
machine perception, robotics and artificial

intelligence. Sheisa professor both in the
Computer and Information Science Department
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and in the Mechanical Engineering and Applied
Mechanics Department at Berkeley. Sheisalso
amember of the Neuroscience Institute and the
School of Medicine. Sheisalso Director of the
University of Pennsylvania’s General Robotics
and Active Sensory Perception Laboratory,
which she founded in 1978.

Dr. Bajcsy has done seminal research in the
areas of human-centered computer control,
cognitive science, robotics, computerized
radiological/medical image processing and
artificial vision. Sheishighly regarded, not
only for her significant research contributions,
but also for her leadership in the creation of a
world-class robotics laboratory, recognized
world wide asa premiere research center. She
isa member of the National Academy of
Engineering, aswell asthe Institute of Medicine.
Sheis especially known for her wide-ranging,
broad outlook in the field and her cross-
disciplinary talent and leadership in successfully
bridging such diverse areas as robotics and
artificial intelligence, engineering and cognitive
science.

Dr. Bajcsy received her master’s and Ph.D.
degreesin electrical engineering from Sovak
Technical University in 1957 and 1967,
respectively. Shereceived a Ph.D. in computer
science in 1972 from Sanford University, and
since that time has been teaching and doing
research at Penn’s Department of Computer and
Information Science. She began as an assistant
professor and within 13 years became chair of
the department. Prior to her work at the
University of Pennsylvania, she taught during
the 1950s and 1960s as an instructor and
assistant professor in the Department of
Mathematics and Department of Computer
Science at Jovak Technical University in
Bratidava. She has served as advisor to more
than 50 Ph.D. recipients. In 2001 she received
an honorary doctorate from University of
Ljubljanain Sovenia

In 2001 she became a recipient of the ACM
A. Newell award.

Visions 2020
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TEACHING IN 2025 EDUCATION AND TECHNOLOGY TRANSFORMED

Vint Cerf
S. Vice President for Internet Architecture and Technology
WorldCom

Caleb Schutz
President, MarcoPolo Education Foundation
President, WorldCom Foundation
Vice President, WorldCom

Her students logged out hours ago, but the
seasoned teacher is not quite ready to cdl it a
day. Thirty yearsin the classroom has taught
her the importance of being prepared. Staying
one step ahead of her students has been away of
lifefor along time. Yet, thereisarigor to her
pace that suggests she is nearing the end, like a
distance runner with afina burst of energy she
wants to make the most out her remaining days
in her classroom, athough, classroomhardly
seems an appropriate term anymore.

Itis 2025, and traditiond definitions and
models in education have all been put to the test.
She reflects on the hundreds of thousands of e-
mail correspondences, virtual classrooms with
students from around the world, data and e-mall
from astronauts taking core samples on Mars,
messages from frantic parents who are
reviewing their son’s or daughter’s progress via
secure databases. “We' ve come so far, or have
we?” she ponders. Thismuch is sure,
technology has transformed classroom.

A knocking sound coming from her
computer turns the teacher from her thoughts
and labor, “yes,” she says to the screen, “Come
in.” A visual of adoor openson her screen
revealing the image of ayoung teacher half a
world away, “Héllo, | hope | am not disturbing
you.” “No, not al,” says the veteran teacher.

“I heard yesterday you announced your
retirement,” the younger teacher says, “| want to
say that | will miss working with you and your
students. Y ou’ve been a mentor and a trusted
friend.”

“Thank you, the pleasure is mine,” responds
the veteran. “Infact, | am glad you called.”

Directing her computer to transcribe the
conversation as they talk, she continues, “1 was
just thinking about the transformation
technology has brought to the classroom in the
last 25 years. You're just beginning your career
in the classroom equipped equally with the
blackboard and the keyboard. How important to
you is the connected classroom?’

“| can’t imagine it any other way,” saysthe
younger teacher.

“I thought as much, and that’s just the way it
should be!” replies the veteran. “Y ou take for
granted continuous and speedy access to data,
integration of high-quality content, teacher
training on-demand and mentor relationships
online. It is a precious perspective; but one that
did not come without discoveries, trials and
frustrations of many who have walked before
you. | gather for you, the Internet is Ssmply
there. It is no more amazing now than electricity
or the telephone was for us at the very beginning
of the third millennium. The very notion of
Internet is disappearing for you because aworld
without it is smply unthinkable.”

“Mogt certainly, but what sort of challenges
did you face as an educator in earlier days and
how were they overcome?’ asks the young
teacher.

“At thetime” continues the veteran,
“hardware and awkward user interfaces seemed
the formidable foes. “Broadband access to
information, wired or wireless, for the
consuming public, was neither reliable nor
affordable. Once technologica and political
barriers were broken, machinery and access
costs dropped and the flood of information



began to rush in. The challenge was, and
remains today, designing technical solutions
that, however wondrous, contain a sustainable,
scalable economic model and encompass easily
used interfaces to access al the features of this
rich information environment. Now, about two
thirds of the world’ s eight billion people have
anytime, anywhere, anyhow access at an
affordable price.”

“Let me pause to point out the obvious. For
about 2 billion people today, the Internet is NOT
aredity; it isyet adistant dream or perhaps
entirely unknown. Electricity is still unknown or
unavailable or unreliable. Sanitation, housing,
food, water and education are in limited supply.
For those parts of our global society, Internet
and its benefits seem far beyond reach. We
must not give up pursuit, however idealistic, of
accessfor all.

“Running closely with these challenges was
the whole naotion of the proper training and use
of content. Learning how to use technology
turned out to be at least as challenging as
building it. The first computers and online
access arrived in my old style classroom back in
the mid 1990's. We were al entranced:
teachers, administrators, parents. Computers
and access had arrived, golden days were ahead,
or so we thought. We know it is never that easy.
With al the focus on the technology and access,
almost nobody was exploring what to do with
the computers once access arrived. Where would
we go for content and training, how would the
Internet color education?’

“One early voice was MarcoPolo, an
Internet content and teacher training program
dedicated to providing free, top quality,
standards-based online content coupled with
teacher training focused on rea application of
Internet in the K-12 classroom. | wastrained
and then trained many othersin the late 1990's
on how to integrate Internet into the classroom.
MarcoPolo, for al of us, was arevelation of
sorts. In an instant, the power and potentia of
the Internet and connectedness with people
places and machines around the globe made
sense. We'd gather in a computer lab eagerly to
observe delivery of an interactive lesson on
building and understanding three-dimensiona
shapes. You'd have thought we were your grand
parents eagerly awaiting the images on
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television of a man walking on the moon!
Technology has away inspiring minds to dream
big dreams.”

“MarcoPolo and other early settlers of
quality content on the Internet frontier began to
transform education. Suddenly, standards-based
content mattered, professiona development
mattered, assessment and databases mattered
and teachers and their students, the find arbiters
of success, would dictate and direct future use of
technology in education.”

“But how did you get from the early days of
email and chat rooms to collaborative learning
we have today?’ inquires the young teacher.
“My world and my role today as a teacher is
very different from what you describe. I've
been trained as afacilitator of information and
critical thinking, | rarely lecture. And, the
Internet is for me not just a collection of facts,
but a living organism of ideas and experimental
opportunity. Knowledge and understanding are
derived from countless exchanges of information
and collaborative explorations of concepts and
experiments involving sources around the globe.
Parent-teacher meetings are aregular occurrence
because we correspond online or meet at the
entrance of their daughter’s online portfolio to
review progress.”

“And it has been aremarkable evolution of
ideas, uses and technologies,” says the veteran.
“Internet and online education keep students
engaged like nothing in the past. | know you
and your students have participated with minein
our virtua engineering lab that allows students
to enter the MUD (multi-user domain) lab as
scientists with virtua tools of their choice to
conduct experiments and participate in projects
with others. Last week, one team of students
was even successful at accessing and
manipulating a probe in the virtua lab that was
linked to areal satellite in space collecting data
on the sun’srays. Datawas sent back to the
virtual lab for student analysis, and | was able to
track their progress. In early days, thiswould
have been avery expensive pilot program for
one class while thousands of other eager
students idled on the sidelines watching. Today,
interactive collaboration is standard practice and
just one of the required assignments designed to
monitor the pace of ateam’s understanding. Our
role now is nat that of the keeper and provider of

2020 Visions



all knowledge, but that of a guide and we can
monitor student progress individualy.
Asynchronous learning, or salf-paced online
learning now allows students do most of their
work outside of a standard, shortened lecture or
presentation. Once equipped and capable to use
core math and science principles, students were
free to explore their world. Thisalows meto
spend more time interacting with students
individually to cover particular strengths and
weaknesses.

“Of course tracking assessment and online
portfolios that follow a student’ s work through
his or her school career are remarkable changes
aswell. | remember the policy battles necessary
to alow state school systems to create secure
online files for each student. But, with
universities everywhere competing for students
and engaging in borderless learning and
companies around the globe al calling for
demonstrable proof that tomorrow’ sworkers are
equipped, action was necessary. Asyou can
imagine, these tools also had maor implications
for privacy. If it were not for new encryption
technologies and much better operating system
designs focused at online education it would
have been tough to do.

“The last driver of change,” she continues,
“was the ahility of quality programs to be able to
scale-up and endure. In the early days, myriad
pilot programs dotted the landscape. Distance
learning programs of every shape and size,
custom web sitesfor every conceivable
educational issue, programs that all promised a
lot, but were unable to deliver. Similar to the
dot-com bust in 2000, the online education
sector had to go through its own contractions. In
the process, the lesson we' ve learned is that the
best education technology solutions are those
that can scale in terms of users and economics.
Models that operate more like an isolated island
run counter to the notion of a network and costs
are driven down when programs can involve a
million users as easily as they reach one class.
One aspect became very clear: each individua
student needed to be free to explore the
information and experimentation space
independently or in small collaborative groups.
Scaling was a direct side-effect of the degree to
which individuals and small groups could work
more or |less independently. We must recall also
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that programs take time to build, we cannot give
up on valuable programs, perseverance is key to
success.”

“Collaboration with your class and teams of
other students around the world is tremendous,”
says the younger teacher. “It'sthe primary
reason | was drawn into teaching.”

“An image comes to mind,” continues the
younger. “The notion is quite old fashioned, but
| look at my classroom today and | see many of
the variants of the classic one-room
schoolhouse Internet access brings information
on arange of topics from around the globe, and
even nearby planets, into the classroom.
Wireless workstations alow studentsinto a
range of virtua environments to assemble
research teams, collaborate, mentor and teach
each other. Technology and the Internet make
this possible. We' ve come full circle, but this
time, the one-room schoolhouse has limitless
windows to the world beyond.”

“You might beright,” saysthe veteran. “I
think we can be assured that role of the educator
is just asimportant today as in times past.
Without guidance from teachers and essential
navigation tools, our students have no more
chance than a ship without a rudder.”

“Thank you,” says the young teacher. “I
enjoy these conversations.”

“Sodol,” saysthe veteran. “Thank you for
your thoughts and please keep in touch.”

“I will,” says the young teacher, “and here
come my students, so I'll sign-off, goodbye.”

“Happy exploring,” says the veteran,
“goodbye.”

The visua door on her computer closes and
sheisaone again in the classroom. “ Computer,”
the veteran says, “save this transcript in file
memoirs-2025-4-10!"

Remarkable, she thinks, ten time zones
apart, visiting and chatting online, in our own
languages, and the intelligent network provided
trandation and transcription!

As she closes down her virtua workbook for
the night, the veteran is warmed by the idea that
half aworld away ateacher ismaking a
difference in young lives. Good teachers matter.

Cerf and Schutz/ 3



Where will education be when he retires?, she
muses. The mind can only imagine.
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Vinton G. Cerf is senior vice president of
Architecture and Technology for WorldCom.
Cerf'steam of architects and engineers design
advanced networking frameworks including
I nter net-based solutions for delivering a
combination of data, information, voice and
video services for business and consumer use.

Widely known as one of the "Fathers of the
Internet,” Cerf isthe co-designer of the TCP/IP
protocols and the architecture of the Internet.
In December 1997, President Clinton presented
the U.S National Medal of Technology to Cerf
and his partner, Robert E. Kahn, for founding
and developing the Internet.

Prior to rejoining MCI in 1994, Cerf was
vice president of the Corporation for National
Research Initiatives (CNRI). Asvice president
of MCI Digital Information Services from 1982-
1986, he led the engineering of MCI Mail, the
first commercial email service to be connected
to the Internet.

During his tenure from 1976-1982 with the
U.S Department of Defense's Advanced
Research Projects Agency (DARPA), Cerf
played a key role leading the devel opment of
Internet and I nter net-related data packet and
security technologies.
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Caleb M. Schutz leads the WorldCom
Foundation and the newly formed MarcoPolo
Education Foundation, and serves as corporate
vice president for WorldCom. Under his
leader ship, the foundation took a bold step
forward in 1997 with the introduction of
MarcoPolo to focus the country's teachers and
policymakerson Internet Content for the
Classroom. In partnership with leading
educational and content organizations,
MarcoPolo provides teachers with standards-
based Internet resour ces designed for
integration into the classroom curriculum.
Today, MarcoPolo’ stop quality, standards-
based K-12 content is enjoyed by 300,000 web-
using teachers every month. In addition, 10,000
teachers are trained every month on MarcoPolo
and the goal isto train 2.4 million teachers by
2005. With the creation of the new MarcoPolo
Education Foundation, Mr. Schutzisfocused on
moving MarcoPolo into this public charity to
broaden the funding base and continue
providing needed content and training to the
nation’ steachers.

Mr. Schutz joined MCl WorldCom in 1996
asdirector of the foundation and was
responsible for foundation strategy, operations
and company-wide cor porate contributions.
Prior to joining WorldCom, he spent several
years as a consultant to corporate and private
foundations, educational institutions and
associations. Previoudly, Schutz worked for
more than 15 years at IBM corporation helping
to reengineer and implement the company's
wor|dwide contributions and community
relations strategy.
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A DAY INTHE LIFE OF A YOUNG LEARNER: A 2020 VISION

Milton Chen
Executive Director
The George Lucas Educational Foundation

Stephen D. Arnold

Vice Chair

The George Lucas Educational Foundation

[llustrations by Greg Knight

“Technology helps overcome the two
enemies of learning: isolation and
abstraction.”

George Lucas

Chairman, The George Lucas

Educational Foundation

July 15, 2020: On afoggy summer day in
San Francisco, 11-year-old Maliais hard at
work—in school. In 2007, her school district
changed from the 9-month school calendar,
recognizing that teaching and learning are
year-round activities and that the long summer
vacation was only an anachronism from atime
when children were needed to bring in the
crops. Her school looks and feels like a cross
between aworking office, apublic library, and
amovie set, with individua student cubicles
decorated to express each student’ s personality
and interests, and 10 large multimedia
production and research centers, enough for a
whole class. Nearly all of the furnitureison
wheels so that work areas can be easily
reconfigured to adapt to the needs of particular
student activities. The school’s design was
inspired by Minnesota' s School of
Environmenta Studies, founded in 1995, but a
pioneer in itstime in new school architecture.

At the start of this school day, the
classroom environment is brimming with
student teams chatting about last night’s
online exchanges and organizing to continue
their work on the class earth science unit.

Malia and two of her classmates, Sahar and
Osvaldo, are seated in comfortable task chairs at a
multimedia production and communications
station. Facing them is a high-resolution,
luminescent display screen, viewable from front
and back, where combinations of images, text, and
digital video can be summoned by voice
command.

Osvaldo, born blind, uses the assistive
technology of adigita “visual prosthesis system”
to see. The system consists of aminicamera
mounted on eyeglasses with signal processors and
electrodes stimulating his visual cortex, a
technology first pioneered on Patient Alphain
2002. Unlike blind students of previous
generations, Osvaldo is able to particpate fully in
all activities with sighted students.

“Give us our team project on volcanoes,”
Osvado asks the school’ s server, enabling the
team to review its progress during the previous
week. Their research using the Global Learning
Network has led them to the Hawaii V olcanoes




National Park website, where they have
witnessed severa hours of video footage of
volcanic eruptions, observed volcanologists at
work tracking and measuring lava flows, and
watched interviews with them. The site
included a 3-D time-lapse hologram of the
1983 Mount Kilauea eruption on the Big
Idand. Through the time compression of time-
lapse photography, they were able to witness
lava flows over the past 40 years. They had
made a copy of the hologram and left it in the
classroom for use by other students.

Y esterday, donning specia virtua reality
headgear, they had gone on a simulated trip to
the lava fields, giving them an on-the-ground
sensation of hiking across acres of older lava
formations to arrive at a scene of bright orange
lava flowing towards the sea. “How cool was
that,” Maliagrins. “You could hear the lava
crackling.” Last night, from their homes, they
had brainstormed some questions in
preparation for an interview with avolcano
expert, scheduled for today. “Last night's
interview questions,” requests Sahar. The
system promptly displays the students’ work
on the screen.

Their teacher, Kavery Duitta, stops by to
observe their discussion as they prepare for
their videoconference. “Y ou know,” she
advises them, “it would be great to aso look at
what volcanoes meant to the native Hawaiians
centuries ago. They believed in a goddess of
fire, Pele” She gives them some resources to
search and access from the University of
Hawaii Digita Library. She also suggests they
look up the pioneering work of MIT geologist
Thomas Jaggar, who founded the Hawaiian
Volcano Observatory in 1912 and persuaded
Congress to preserve the area as a nationa
park.

Ms. Duitta strolls over to check in with
another group of students. One of them is
holding a sample of volcanic rock, while
another examines it under a handheld digital
microscope, with the magnified image
projectable on alarge screen behind them. A
third student is examining the volcano
hologram left by Mdia s group.
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“OK, we're ready for our appointment with
the volcanologist at Hawaii Volcanoes National
Park,” Malia announces. The face of Harold
Levitt, the Park’s chief of interpretation, appears
in the familiar green uniform of a National Park
Service Ranger. Responding to their questions,
Ranger Levitt leads them through several more
screens of images showing video news clips and
data sources dating back to the Mount Kilauea
eruption; the science and chemistry of volcanoes
(including dangers such as the release of sulfuric
fumes); and the human impact on loca
communities, from devastation of homesto
increased tourism. Maliaand her classmates are
also able to observe today’ s lavaflows in red time
from cameras trained on the site, enjoying the
chance to watch the creation of black sand when
hot lava meets the cold ocean water.

Maliaasks, “A few weeks ago, we had a small
earthquake here. We fdt it but it didn’'t damage
anything. How are earthquakes related to
volcanoes?’ On another screen, Ranger Levitt
calsup asimulation of plate tectonics and shows
them cross-sections of the Earth, aswell as aerial
satellite photos from different elevations, with
overlaid graphics indicating earthquake fault zones
in the Bay Area and then San Francisco. For other
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experts, he refers them to the U. S. Geologica
Survey officesin the Bay Area. Maiaand her
classmates make a voicenote in their ongoing
project record to ask their teacher about
making afield trip and to look up the USGS
website.

After their 20-minute interview with
Ranger Levitt, recorded on the school’ s server
to become a part of the project archive, the
students quickly review the video transcript
and earmark some of his comments for
possible use in their final multimedia report.
At the end of the two-hour session, they make
amultimedia summary of their work, calendar
next meetings, and assign themselves
homework before their next meeting. They
each place a copy of today’s workfile in their
digital backpack, a rugged mobile persona
computer and communications console
“checked out” by each student at the
beginning of the school year, the way
textbooks used to be issued.

Malia s “digipack” alows her to spend
some more time on her volcanoes project later
in the afternoon after walking afew blocks to
her father’s office. As shewaitsfor him to
finish hiswork, she uses it to connect to the
school’ s library information system and the
now-widdly-available wirel ess network.
Searching links and browsing through
references on Hawaiian mythology, she
watches a short video clip on the Goddess Pele
on her viewscreen, recording some voicenotes
to share with her project partners at school
tomorrow.

Later that night at home, Mdiais
practicing her Chinese in the family room. She
hopes to visit China one day and has been
using an online language learning system to
gain proficiency in basic Chinese
conversation, reading, and writing. Her
younger sister, Sonia, likesto look on and sits
by her side as they face amultimedia screen
similar to those in their schools. They both
hold handheld digital devices serving as
Chinese-English dictionaries for looking up
words and phrases in both languages, in text
and audio. They can dso store their own
spoken phrases.
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Maliarequests, “ The lesson on soccer,
please,” which begins with a scene of Chinese
soccer star, Chen Mingde, dribbling around a
Brazilian defender and scoring with a precise kick
into the corner of the net. The play-by-play
commentary is heard in Mandarin, with both the
romanized phonetic system and Chinese characters
shown as captions at the bottom of the screen. The
individual words and characters light up as they
are spoken.

As Malia practices her pronunciation of the
scene, the system provides feedback, allowing her
to hear her rendition and then a digitally corrected
version, ensuring that she improves her
pronunciation of the four tones, atypicaly
difficult task for English speakers.

Through this online system, sheisaso able to
converse with students with smilar interestsin
other countries and engage in mutua language
tutoring. “I’d like to talk to Xiaoyan,” Malia says,
asking the system to call her online friend,
Xiaoyan Zhao, an 11-year-old girl who livesin
Shanghai and goes by the nickname of “XYZ.”
XY Z appears on screen at lunchtime in her school
cafeteria, speaking in English while Madlia
practices her Chinese as they help each other with
vocabulary and pronunciation. They promise to
make short videos introducing their family
members to each other and send them in the next
week.
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Malia mentions she's working on a
volcanoes project at school, and XY Z recalls
that her geography class had studied Mount
Fuji, named after Japan’s ancestral Fire
Goddess. Malia captures XY Z's comment as a
voicenote and mailsit to her classmatesas a
suggestion for extending their research.

As Madliafinishes her conversation and
logs off, her father enters the room and asks
her the age-old question parents have asked
their children for generations. “ So what did
you do at school today?” AsMadlia
enthusiastically recounts her day, and her
excitement about returning to school
tomorrow, he shakes his head in amazement.
“And to think,” herecalls, “20 years ago, al
we had was the Internet.”
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VIGNETTESABOUT THE FUTURE OF L EARNING TECHNOLOGIES

ChrisDede
Wirth Professor of Learning Technologies
Harvard Graduate School of Education

In a decade or two, three complementary
interfaces will shape how people learn:

The familiar “ world to the desktop”
interface, providing access to distant experts
and archives, enabling collaborations,
mentoring relationships, and virtua
communities-of -practice. Thisinterfaceis
evolving through initiatives such as
Internet2.

Interfaces for “ ubiquitous computing,” in
which portable wireless devices infuse
virtual resources as we move through the
real world. The early stages of “augmented
reality” interfaces are characterized by
research on the role of “smart objects’ and
“intelligent contexts’ in learning and doing.

“ Alice-in-Wonderland” multi-user virtual
environments interfaces, in which
participants avatars interact with computer-
based agents and digital artifactsin virtua
contexts. Theinitial stages of studieson
shared virtua environments are
characterized by advancesin Internet games
and work in virtual redlity.

The vignettes below are images of plausible
futures that depict how applying these interfaces
might reshape teaching, learning, and the
organization of educationa institutions. The
objective of these vignettesis not to detail
blueprints of an unalterable future, but instead to
show the range of possibilities enabled by
emerging interactive media and the
consequences—desirable and undesirable—that
may flow from their application in pre-college
and higher education settings. Such visions
suggest decisions that researchers should make
today to explore the potentia of these
technologies while minimizing unintended and
negative outcomes of their use.

* k kk kk k k k%

First are two vignettes that illustrate the
types of learning technol ogies young learners
might routinely experience before they attend
high school and college.

* k k k k k k k k%

Vignette 1. “Take adeep breath,” Mariatold
her mother, “then blow it out into the
balloon.” Deftly, as soon as her mother had
finished, Maria used a plastic clamp to pinch
the neck of the specia balloon, then measured
its circumference. “All done, Mamal” she
said, writing down the number in her
notebook. Her mother sneezed, then sank
back on the coach with a smile of approval.
Even though her sinuses ached—and that deep
breath had not hel ped—she enjoyed helping
Mariawith her daily homework. After dl,
participating in the allergy study project not
only involved her child more deeply in school,
but also subsidized the Web-TV box that
provided the family access to sports and
entertainment websites. Mariawas navigating
to the appropriate site, then logging her
mother’ s lung-capacity figure into the national
database. Her little brother watched,
fascinated by the colored visudizations
displaying the complex ecological,
meteorological, and pollution factors that
predicted today’ s likely allergic responsesin
Maria s region of the city.

Maria s teacher, Ms. Grosvenor, was also
sighing out a deep bregth at that moment, but
not into a balloon. While eating a Ho-Ho for
breakfast, she was using her home computer to
access adifferent part of the alergy study
website, a section with guidance for teachers
about how to cover today’ s classroom lesson
on regiona flora. Her preservice education a



decade ago had provided some background in
ecology, but—now that fifth grade students
were mastering material she had not learned
until the end of high school—Ms. Grosvenor
frequently used the website to update her
knowledge about alergenic plants.
Sometimes the sophisticated multi-level model
scientists and doctors were devel oping, made
possible by micro-regional data supplied by
learners all across the country, made her head
ache for reasons other than sinuses! On the
other hand, at |east the students were quite
involved in this set of science activities.
Discussionsin the “Teachers Forum” of the
website reaffirmed her own feeling that most
teachers would rather have the small hassle of
keeping up with new ideas than the constant
struggle of trying to motivate studentsto learn
boring lessons.

At the sametime, in her elementary
school’s computer Lab, Consuelawas
threading her way through a complex maze.
Of course, the maze was not in the Lab, but in
the “Narnia’ MUVE (a text-based Multi-User
Virtual Environment devel oped around the
storiesby C.S. Lewis). Her classmates and
fellow adventurers Joe and Fernando were
“with” her, utilizing their Web-TV
connections at their homes, as was her mentor,
asmall bear named Oliver (in redlity, ahigh
school senior interested in mythology who
assumed a Pooh-like “avatar” in the virtual
world of the MUVE). Mr. Curtis, the school
principal, watched bemused from the
doorway. How different things were in 2009,
he thought, students scattered across grade
levels and dispersed across the city, yet al
together in a shared, fantasy-based learning
environment a full hour before school even
starts! (The school building opened at the
crack of dawn to enable lab-based Web use by
learners like Consuela, whose family had no
access at home.)

“The extra effort isworth it,” thought Mr.
Curtis. Seven years into the technology
initiative, student motivation was high
(increased attendance, learnersinvolved
outside of school hours), and parents were
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impressed by the complex material and
sophisticated skills their children were
mastering. Even standardized test scores—
which measured only afraction of what was
realy happening—wererising. Most
important, young girls such as Consuela were
more involved with school. Because of their
culture, Hispanic girls had been very reluctant
to approach adult authority figures, like
teachers--but the MUV E had dtered that by
providing a* costume party” environment in
which, wearing the “mask” of technology,
children’s and teachers avatars could mingle
without cultural constraints. “| wonder what
this generation will be like in high school—or
college!” mused Mr. Curtis.

(Dede, 2000)
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Vignette 2. Alec and Aridlle strolled through
Harvard Y ard on their way to the museum, to
collect datafor their class assignment. Each
carried a handheld device (HD) that softly
pulsed every time they walked past a building
in the Yard. The vibration signaled that the
building would share information about its
architecture, history, purpose, and inhabitants,
using interactive wireless data transfer.
Sometimes Alec would stop and use hisHD to
ask questions about an interesting looking
location. Today, he wasin a hurry and ignored
the pulses.

Inside the museum, Alec and Arielle split
up to work on their individual assignments.
When Alec typed his research topic into the
museum compulter, it loaded a building map
into his HD, with flashing icons showing
exhibits on that subject. At each exhibit, Alec
could capture adigital image on hisHD,
download data about the artifacts and links to
related websites, and access aternative
interpretations about the exhibit. His HD
automatically supplied information about
Alec’'s age and background to ensure that the
material he received was appropriate in native
language, reading level, and learning style.

While the museum-supplied information
was interesting, Alec aways enjoyed the
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comments posted about each exhibit by other
kids. Sometimes, he added a few remarks of
his own to the ongoing discussion. Seeing a
cool artifact related to Arielle' stopic, Alec
paused to link to her HD, sending a digital
image of the exhibit and information on its
location.

Alec’s favorite exhibits were those
augmented by virtua environments. For
example, at a panorama showing the bones
found at atar pit, Alec’s HD depicted a virtual
reconstruction of the dinosaurs that were
trapped at that prehistoric location. In the
virtual environment, he could assume the
perspective of each species and walk or fly or
swim through its typical habitat. Other types
of exhibit-linked virtual environments enabled
“time travel” to show how a particular spot on
the earth’ s surface had changed over the eons.
For each epoch, Alec used virtual probes on
his HD to collect data about temperature, air
pressure, elevation, and pollutants.

Walking back from the museum, Arielle
and Alec shared what they had found. Both
wondered what learning was like before
augmented reality and ubiquitous computing,
when objects and locations were mute and
inert. How lifeless the world must have been!
(Dede, 2002)
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The next vignette depicts types of
educational technologies some secondary
students might experience before college:
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Vignette 3. Inarural areaabout sixty miles
from the city, high school student Karen sits
down at her information appliance (notepad
device with the power of today’s
supercomputers), currently configured as an
electronics diagnosis/repair training device.
When sign-in is complete, the device
acknowledges her readiness to begin Lesson
Twelve: Teamed Correction of
Malfunctioning Communications Sensor. Her
“knowbot” (machine-based agent) establishes
atelecommunications link to Phil, her partner
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in the exercise, who is sitting at asimilar
device in his suburban home thirty miles
away. “Why did | have the bad luck to get
paired with this clown?’ she thinks, noting the
vacant expression on hisface in the video
window. “He probably spent last night
partying instead of preparing for the lesson.”
A favorite saying of the community college
faculty member to whom she is apprenticed
flits through her mind, “The effectiveness of
computer-supported cooperative work can be
severely limited by the team’ s weakest
member.”

“Let’sbegin,” says Karen decisively. “I'll
put on the DataArm (a manipulatory device
that incorporates force-feedback to its user) to
find and remove the faulty component. You
use the hypertext database to locate the
appropriate repair procedure.” Without giving
Phil time to reply, she puts on her head-
mounted display, brings up an AR (artificia
reality) depicting the interior of a TransStar
communications groundstation receiver, and
begins strapping on the DataArm. The reality-
engine's meshing of computer graphics and
video images presents a near-perfect
smulation, although moving too rapidly
causes objects to blur dightly. Slowly, she
grasps a microwrench with her “hand” on the
screen and begins to loosen the first fastener
on the amplifier’'s cover. Haptic feedback
from the DataArm to her hand completes the
illusion, and she winces as she redizes the bolt
isrusty and will be difficult to remove without
breaking.

Dr. Dunleavy, the community college
vocational educator who serves as mentor to
Karen and Phil, virtually monitors Karen's
avatar as she struggles with opening the
simulated device. He notes approvingly that
she seems as comfortable with the physical,
hands-on parts of the job as well as the
intellectua anaysis; both sets of skills are
important in a future engineer. “Documenting
a strong recommendation for Advanced
Placement college credit via the Educational
Testing Service will be easy in her case,” he
thinks, “but Phil isin danger of failing this
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unit. Maybe Ms. Tunbridge (the TransStar
communications repair expert also serving as
mentor for this experience) will offer him a
job right out of high school, giving him some
time to mature before he heads for college.”

At hisinformation appliance, Phil calls up
the hypertext database for Electronics Repair.
On the screen, a multicolored, three-
dimensiona network of interconnections
appears and begins to rotate dowly. Just
looking at the knowledge web makes his eyes
hurt. Since the screen resolution is excellent,
he suspects that alack of deep isthe culprit.
“Lesson Twelve,” says Phil dowly, and atrail
is highlighted in the network. He beginsto
skim through a sea of stories, harvesting
metaphors and analogies, while
smultaneoudy monitoring a small window in
the upper left-hand corner of the screen that is
beginning to fill with data from the diagnostic
sensors on Karen's DataArm.

Several paragraphs of text are displayed at
the bottom of the screen, ignored by Phil.
Since his learning style is predominantly
visua and auditory rather than symbolic, he
listens to the web asiit vocalizes this textual
material, watching a graphical pointer
maneuver over a blueprint. Three figurines
gesture near the top of the display, indicating
that they know related stories. On the right
hand side of the monitor, an interest-based
browser shows index entries grouped by issue,
hardware configuration, and functional
system.

Traversing the network at the speed at
which Karen is working is difficult, given his
lack of deep, and he makes several missteps.
“Knowledge Base,” says Phil dowly, “infer
what the optical memory chip doesto the
three-dimensional quantum well superlattice.”
The voice of his knowbot suddenly responds,
Y ou seem to be assuming a sensor flaw when
the amplifier may be the problem.” “Shut
up!” thinks Phil, hitting the cut-off switch. He
then groans as he visualizes his knowbot
feeding the cognitive audit trail of his actions
into the workstations of his mentors. He
cannot terminate those incriminating records
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and cringes when he imagines his mentor’s
“avatar” delivering another lecture on his
shortcomings. Mentally, Phil begins phrasing
an elaborate excuse to send hisinstructors via
email at the termination of the lesson.

For her part, Karen is exasperatedly
watching the window on her AR display in
which Phil’ s diagnostic responses should be
appearing. “He s hopeless,” shethinks. Her
knowbot’s “ consciousness sensor” (a
biofeedback link that monitors user attention
and mood) interrupts with a warning: “Y our
blood pressure is rising rapidly; this could
trigger amigraine headache.” “Why,” says
Karen with asigh, “couldn’t | havelived in
the age when students learned from
textbooks?’

(Dede, 2000)
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The next vignette presentsa portrayal of
how emerging information technologies, if
unreflectively applied, could enrich some
aspectsof higher education while also
exacer bating some of its weaknesses. This
depictsthe daily routine of a faculty member a
couple decades from now and illustrates some
potential implicationsfor collegesand
universities of artifacts with embedded
intelligence. [ The ideas and situationsin this
image of the future draw heavily on a scenario
fromWeiser (1991).]
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Vignette4. Vesper isdriving to work through
heavy rush hour traffic. Sheisafaculty
member in computational engineering at a
university located far from her homein the
suburbs. Despite the long drive, the position
was irresistible because the campus is noted
for its usage of advanced networking
technologies. She glancesin theforeview
mirror to check the traffic. { Commuters
automobiles are hooked into alarge network
that uses data sent by cars and highway
sensors to monitor and coordinate the flow of
traffic. The “foreview mirror” presents a

graphic display of what is happening up to
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five milesin front of her car on Vesper's
planned route to work.} Noticing atraffic
dowdown ahead, Vesper taps a button on the
steering column to check for alternate routes
that might be faster. A moment later, she
cancels the request for rerouting as the
foreview mirror reveas the greenicon of a
food shop on a side street near the next exit
from the freeway. The foreview mirror helps
her to find a parking space quickly, and she
orders acup of coffee while waiting for the
traffic jam to clear.

While drinking her coffee, Vesper calsup
some work on the screen of her information
appliance. {This device has the approximate
processing power of supercomputers a decade
from now and is about the size of a notepad. It
is linked via wireless networking and
fiberoptic cable to alarge web of other
information appliances, including those at
Vesper'scampus.} The university's diagnostic
expert system for debugging prototype ULSI
designs can handle the routine misconceptions
typical of most senior engineering majors, but
occasiondly is stumped by an unusua faulty
procedure that some learner has
misgenerdized. {At thispoint in history, a
computer program trained to mimic human
experts can handle many routine aspects of
eva uating student performance, but complex
assessments still require human involvement.}

Vesper has an uncanny ability to
recognize exotic error patterns by quickly
scanning a complex schematic. She diagnoses
three sets of student misgeneralizations before
resuming her trip to school. Her knowbot
(semi-intelligent agent) automatically sends
this new "bug collection" to the national
database on design misconceptions to be
entered into its statistical records. Her
knowbot aso forwards her diagnoses to the
university's expert system on ULSI design,
which incorporates the new bugs into its
knowledge base and begins preparing
intelligent tutoring systems modules to correct
those particular errors. Later that day, this
instructional material will be forwarded to the
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appropriate learners notepads to provide
individualized remediation.

As Vesper walks into the engineering
complex on campus, her persondized identity
tab registers her presence on the university's
Net of security sensors. {In aclip-on badge
displaying her picture and name, asmall
device is embedded that broadcasts
information about V esper's movements. Such
an identity screening procedure is part of the
university's security system. In this future
world, these elaborate precautions have
unfortunately become necessary .} A moment
later, the machines in her office initiate alog-
in cycle in preparation for her arrival. She
realizes that she hasleft her car unlocked, but
does not bother to retrace her steps; from her
office, she can access the network to lock her
car viaaremote command.

As Vesper getsto her desk, the telltale by
her door begins blinking, indicating that the
department's espresso machine has finished
brewing her cafe au lait. {A telltaleisa
remote signaling device that can be triggered
to blink or make a sound, advising peoplein
its vicinity of some event happening
elsawhere.} Vesper drinks a cup of cafe au lait
every morning on arriving. She heads down
the hall to get the coffee; the espresso maker's
brew will be much better than the vile stuff
she had consumed at the food shop. On
returning to her office, she instructs her
knowbot to remind her not to stop there again.
A copy of her evaluation is automatically
forwarded to the food shop's manager and to
the local consumer ratings magazine.

In the hour before class, as her senior
students “arrive,” they congregate in their
various engineering labs to work on projects
for their exhibition portfolios. (Of course,
many of these students are not physicaly
located on Vesper's campus,; instead the
facilities used by her students are
geographically scattered all over the world,
linked via broadband communications.)
Vesper will “join” them in about half an hour
to begin ingtruction. She takes a break from
viewing her videomall to “surveil” their

Dede/5



activities on their individual notepads. Valerie
is gtill dallying too long before getting down

to work; Vesper will have to spesk with her.
Ricardo has not arrived at his engineering
complex, but no message has comein to
indicate why heis later than usual.

Skimming an engineering education
journal, she notices a case study that
resembles a problem student in one of her
colleague's classes. His apprentice appears to
have arare type of learning disability that
interferes with developing a spatial sense of
geometric relationships, an important skill in
his branch of engineering. Vesper sends an
excerpt from the article to her colleague's
machine with voice-mail appended explaining
itssgnificance. Shetendsto avoid videomail,
even though its greater bandwidth empowers
more subtle shades of meaning. It istoo much
trouble to assume a professional demeanor just
to send a smple message. The knowbot in her
journalreading application notes that she
found the article useful and reinforces the
pattern recognizers that triggered its selection.

A small light on the edge of Vesper's
glasses begins blinking. A phone cal is
coming in; must be from someone not on the
network. "Activate," saysVesper (the only
word her glasses can recognize). A voice
begins speaking in her ear; Ricardo's
girlfriend, informing her that he is sick again.
With asigh, Vesper makes a note to prepare
hardcopy homework that will be sent off by
snailmail—what ahasse! She will be glad
when al governments finally recognize that
home access to basic network servicesisa
fundamental right, even if that does mean
subsidizing subscriptions for the poor.

Across campus, two graduates of local
high schools are waiting their turn for
individual consultations at the Admissions
Office. Both have equivaent, above-average
transcripts and want to attend college in this
city, but Nick has no money to offer beyond
the minimum subsidy this State provides,
while Elizabeth has $150,000 from her parents
to use on her postsecondary education. Nick
will be offered four years of predominantly
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large-group classes, most from other higher
education ingtitutions taught by
lecture/discussion across distance or via
computer-based training software. However,
he will have some local seminar classesin his
junior and senior year, this campus will
arrange for an unpaid internship with a
regional employer., and he will receive a
degree from this university. In contrast, due to
her financial contribution, Elizabeth will be
offered mostly small-group classes,
predominantly local (although many fellow
students in those classes will attend across
distance, asin Vesper’ singtruction). Elizabeth
will aso have atele-mentoring relationship
with a nationally recognized expert in
whatever mgjor she chooses and a senior-year
apprenticeship guaranteed with one of her five
top choices of employers.

Down the hall, the university’s president
chairs a meeting on their forthcoming re-
accreditation. Since the last accreditation a
decade ago, mgjor shifts have occurred. Many
students who enroll in this university’s courses
live outside this region and will graduate from
other colleges, while most local students take
the majority of their courses across distance
from other ingtitutions, then have these
counted toward their graduation from here.
Due to excellent teaching, strong scholarly
reputations, and distributed collaborations
with industry, the faculty are better paid and
have smaller classes—they command high
feesin the competitive national market for
distance course enrollments. However,
determining “institutional quality” in this
situation is alittle confusing to the group
preparing for accreditation: How does one
describe this type of distributed virtual
organization? Who counts as students?
faculty?

Before walking down to the lab to join her
students, Vesper decidesto have a
conversation with her colleague Dimitri. Both
received notifications last week about next
year'ssalary. Vesper got a 15% raise because
the spirited bidding nationally for the limited
distance-based enrollments in her classes
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drove up the university’ s revenue and thus the
teaching part of her wages. Unfortunately, the
opposite happened to Dimitri; his salary
dropped 10%, as comparable faculty across
the country showed greater increasesin
research visibility, student performance
outcomes, and learners’ ratings of teaching
performance. All thisled to reduced fees
being paid by prospective applicantsto his
classes and lower wages for him. Vesper is
trying to cheer up Dimitri by suggesting ways
he can reversethistrend. This being subject
to the laws of supply and demand is upsetting
to both instructors, but that is the price of
progress. ..

(Dede, 2000)

* k k k k k k x k%

As discussed earlier, this vignette's purpose
is not to suggest that Vesper'sworld isthe only
possible future for higher education, but instead
to illustrate the types of smart devices that will
permeate society in the future and the human
and organizational capabilities—and
challenges—they enable. Thefinal vignette
below is deliberately crafted to suggest a type of
dystopian future we could create if we
mindlessly apply advanced technologies to
teaching and learning.

* k k k k k k k k%

Vignette 5. Disgusted and dismayed, Marcie
stared out the window. Ms. Taylor, the human
teacher, had once again bowed to the will of
Hal, the classroom’ s machine-based
‘intelligent’ tutor. Despite student protests,
the two co-instructors had raised the quota of
worksheets to be completed each hour. “One
more brick on the load,” Marcie thought, “the
more you do, the more they want.”

Superhighway Secondary School was the
envy of the city, the magnet program in which
every family tried to enroll their children.
Nothing but the best computers and
telecommunications: ultra-fast workstations,
high-speed digital connections to the Internet,
the latest presentational multimedia
applications, even neural-net filtering software
to keep porn away from the nerds. Why even
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Howie, the best technical wizard in the school,
was able to defeat the filtering system only to
the point of viewing the marble breasts on
statues. “Get alife,” thought Marcie.

Her best friend, Shelley, returned to the
cubicle next to her. “You look mad,” Marcie
whispered out of the corner of her mouth. Her
workstation's microphone was very sensitive,
and she did not want to spend moretime in
detention. “I got scolded by the monitor-bot,”
fumed Shelley, “because | did not take the
most direct path back from the restroom.
What adrag!”

Just then atone sounded in Marcie’'s
earphones. Her five-minutes-per-hour break
was over; time to get back to the workshests.
“If | see one more cute virtua figure dancing
around the screen,” she muttered to Shelley,
“I’m going to puke al over the keyboard and
short out thisloser.” “I agree,” Shelley
whispered back. “1’'m so tired of multimedia, |
can't even stand to watch TV at night.”

Meanwhile, Ms. Taylor patrolled among
her five classrooms. While the school board
appreciated the cost savings with a
pupil/teacher ratio of 150-to-1, maintaining
order with that many students was hard even
with the ever-vigilant Hal-tutors monitoring
each classroom. The teacher thought about
the disturbing news she’ d heard that day.
While standardized test scores of
“Superhighway High” graduates were the best
in the city, many were dropping out of college
in their second or third year. “Don’t they
appreciate the value of afine high-tech
education?’ thought Ms. Taylor.

(Dede, 1998)

* k k k k k k k x %

The important issue in effectiveness for
learning is not the sophistication of the
technologies, but the ways in which their
capabilities aid and motivate users.

The author’ s recent testimony to Congress
(Dede, 2001) presents alist of devices, media,
and virtual contexts enabled by sophisticated
information technologies, along with the
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estimates of a conservative timeframe for their
technological and economic feasibility. That
testimony also indicates that the fundamental
barriers to employing these technologies
effectively for learning are not technical or
economic, but psychological, organizational,
political, and cultural. Powerful methods for
scaling-up and transferring pilot
implementations and for evolving the public’'s
conceptions of learning and schooling are
essential to take full advantage of the
opportunities new technologies pose.

* k kk k k k k k%
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Introduction

Computing has already enriched and enhanced people' s lives in countless ways, but
we've only begun to see how it will transform our businesses, our governments and our
communities. In the next few years —atime | cal the “digital decade” —we'll see
computing become a much more significant and indispensable part of all our lives.

The pace of innovation is accelerating in al the core technologies of computing —from
processing power to storage to network bandwidth — making it possible for computers to
become better connected, easier and more intuitive to use, even less costly, and capable
of handling all kinds of information. While this will create countless opportunities for
business, entertainment and communication, the application of these technologies to the
way people learn is the most important — and exciting.

By giving students access to a new world of information, sparking creativity, and
facilitating rich communication and collaboration across vast distances, computers have
long been a powerful tool for education. At the same time, the Internet has brought an
unprecedented level of great educational content to a wide audience, encouraging
teachers to share curriculums and resources worldwide. E-mail has facilitated improved
communication among administrators, teachers, students, parents and educational
researchers, and emerging Web services technologies will create further opportunities for
collaborative learning. Increased industry and government funding in learning science
promises to vastly improve the ways technology is applied to learning. And in the years
ahead, awhole generation of kids will leave college and enter the workforce with a broad
understanding of the ways they can use technology effectively in their jobs.

But we've till got along way to go before we see how much technology can really do —
particularly in education. Solving business problems with computers |ooks easy when
compared to the often complex and little-understood process of learning. And technology
isonly part of the solution. All the computers in the world won't make a difference
without enthusiastic students, skilled and committed teachers, involved and informed
parents, and a society that underscores the value of lifelong learning.

Finding effective ways to use technology to enhance learning is a challenge that
educators, academics, policymakers and the technology industry must work together to
solve. The ideas and concepts outlined in this paper are just one step towards a better
understanding of how technology can help everyone — from preschoolers to lifelong
learners —to realize their full potential.

_@o‘//ﬁazad

Chairman and Chief Software Architect
Microsoft Corporation



Overview

Technology in education has two faces. one of transformation and one of hype. The
printing press revolutionized access to education, and in the process an explosion in
scientific inquiry was born. Teachers could finally produce and communicate content to
a growing number of students entering an industrial revolution. Classrooms emerged as a
great solution to disseminate content and augment interaction with faculty and other
students. Traditional apprenticeships with experts polished the student to perfection.

Within a short period of time, the industrial workforce ballooned and with it the student
body. The need to scale student to teacher interactions encouraged us to turn to other
technologies. radio, television, computers, and the World Wide Web. Individually, these
technologies couldn’t increase the ratio of experts to novices, or significantly add to their
real world experience. The “educational transformation” hype emerged around these
technologies and they didn’t deliver as their evangelists claimed.

“1 believe that the motion picture is destined to revolutionize our educational
system and that in afew years it will supplant largely, if not entirely, the use of
textbooks.” (Thomas Edison, 1913).

“Radio may come as a vibrant and challenging textbook of the air”. (Benjamin
Darrow, 1932, Founder and first director of the Ohio School of the Air).

There won't be schools in the future.... | think the computer will blow up the
schoal. ... but this will happen only in communities of children who have access
to computers on a sufficient scale.” (Seymour Papert, MIT, “Trying to Predict
the Future”, Popular Computing, October 1984)

One thing Mr. Papert got right was that access to computers, especially ones that are
connected to communities would have an impact on education. The transformative
differentiator for the next generation is the programmability of our interconnected
networks. With increases in software programmability, we increase interactivity, increase
communication, increase learner adaptability, increase shared visualizations, increase
shared laboratory access, and increase experiential learning. In 20 years, we're going to
see an impact equal to the printing press. Thistime we'll see a global, diverse, educated
workforce deliver on dependable innovation, shared vision, and collaborative creativity.

The sweet spot for the use of technology in education may clearly be that software
personalizes the learning experience, connects all the components, and emancipates
publication for targeted and effective interaction. In the future, no one owns content as an
end product. It is molecular at its origin. MIT will give away their content for free, other
institutions will follow with interactivity innovations, and quality content will be
consumed in chunks by whoever needs it. Through afilter of standards, tools and
personalization templates (both for individuals and groups) we'll be able to aggregate
learning content, the relationships between the content, and our context for using the
content in such away as it becomes part of our own personal value proposition when



studying or working with others. The objective: obtain and create knowledge at the right
time, in the right place, in the right way, on the right device, for the right person.

Learning 2020 - Innovative, Creative, Collaborative Workforce

Let’s imagine where technology will be in 20 years to help us set a vision for taking
advantage of this new power for education. Such an exercise will allow usto visudize a
roadmap for getting there.

It Begins at Birth — Intelligent Toys

Fromthe first few months of life, children play with toys that teach them various
concepts. In 2020, toys begin capturing children’s learning experiences by using
embedded technology that records information about the child' s habits, preferences and
progress to provide parents with a better understanding of their child’s development.
Toys provide parents with the child’'s learning profile, sending private information to the
parent’ s information appliance so they can use the information in the selection ard
purchase of additional toys that will enhance the child’s motivation and experience.

Preschool — Game Based Learning

Over the course of the preschool years, children increase their play in Learning 2020 by
engaging in supportive virtual reality games in which they build on their psychomotor,
reading, writing and math skills they learnin school. Interaction with other students and
teachers in the environment helps identify learner strengths and deficiencies. The
environments individualize around the children’s content preferences, and create
classroom activities that encourage children to expand their abilities through problem
solving environments, complete with on-line personalized mentoring by parents and
teachers. The games build critical thinking skills using smulated, situational
environments that engage other members of the family and community to play along.

Because the parent is more involved, the access to outside content is monitored and
manual personalization of student interest can be adjusted accordingly during prescribed
home activities as well. The technology objective is to construct a safe environment for
the child while engaged in technology driven learning experiences. For real world
interactions, video playbacks of children engaged in learning activities are frequent and
reviewed by student, teacher and parent.

The Early Years — Social Collaboration and Filtering

Auto-Recommended Group Formation

Since many parents send their children to kindergarten and traditional K-8 schools, while
others home school their children, Learning in 2020 focuses on creating learning
environments that facilitate communication and collaboration. Technology networks kids
together in groups to learn and practice their combined skills. Whether children are
working on art or science, they work with embedded technology that measures their
performance. Capture technologies record student interactions, teacher guidance and
parent profiles to provide individualized and group feedback. Continuous personalization
ensures each participant brings something unique and cooperative to the group keeping
membership optimal. Children communicate with ubiquitous devices that provide




targeted feedback to each other while working in groups, identifying compatibilities and
suggesting what questions to ask. Group communication is the core objective, with
shared activities as the principal methodology.

Student Generated Interactive e-Books

Students use wearable technologies to exchange, collect, communicate and present
information either posted to large screen displays, or holographic 3D environments. As
they collect information, it automatically maps to the learning objectives for their skill
group and displays cumulative data about the group’s success in onscreen graphics for
easy monitoring. Anonymity is crucial, as performance indicators supplant grades. The
focus on learning is group accomplishment of tasks, with individual contributions sent to
the teacher and the student. The environment queries the student when it doesn’t receive
adequate information and works to help students draw similar inferences that other kids
drew during similar exercises. Videos are served up to the students when they don’t
understand how to do something.

Students complete most of their projects by designing reusable e-books rich with
simulations to share their work with others, creating long-term digital portfoliosto be
shared throughout the years. Teachers help students enhance screen literacy skills by
building interactive multimedia for reuse among other learning popul ations worldwide.
Sharing is the key objective, and working in diverse populations is preferred.

Teachers share their activities, thoughts, and technology ideas with a virtua team of
experts in business, higher education and other institutions. A strong focus on integrating
workflow and student activities throughout the community is enhanced by technology
communication systems and easy to use large screen displays that encourage teachers to
work together in distances to align industry, institution and schools together in real time
knowledge construction and practice.

Virtual Mentors

Teachers are mentors, still using their nurturing techniques in the learning spaces to
socialize children. In addition, each child has their own virtual mentor that can be
accessed anytime. The mentor follows the children’s activities ont line, suggesting new
ideas and dialoguing interactively to understand the student’ s emotions and competencies.
When children go orntline, the experience is secure and private. On-line content is
filtered by the virtual mentor, who constantly reports noteworthy events to the parents,
teachers and other interested parties. Embedded assessment is constantly sent to the
teacher, parent and mentor. The virtual mentor consistently maps to performance goals
and adjusts student activities to keep kids more focused on learning rather than relying on
test taking. Parents can participate in their children’s activities wherever they are via
wireless mobile video computing and emerging communication technologies.

Kindergarten 2020 Scenario

Alicia wakes up this morning excited about what the day will bring. Today, she gets
to meet with her discovery group. This group of students has been pre-selected through
learning traits collected by toys that she used prior to entering kindergarten and shared
with the school upon enrollment. The group has similar interests and meets 3 days a week.
Today, they are going on a virtual safari to Africa.




Alicia likes animals a great deal and the group is going to experience how elephant
families are similar to her own. Upon entering the virtual safari, she immediately
experiences the size and weight of the elephants as they are presented in a 3-D
environment where she feels asif she could reach out and touch them. During the safari,
the virtual mentor points out how elephants are similar to our families and how
important the mother is to the survival of the babies. Alicia gets to name one of the baby
elephants and she and her teacher send a message to her momtelling her of Alicia’s new
friend.

During the day, Alicia demonstrated two acts of kindness towards another student.
Shereceived a personalized award at the end of the day. A copy of the award was
immediately forwarded to her parents. Her dad, while traveling, received notice on his
cell phone that Alicia was recognized in school and calls up a video interface to share his
excitement with her. When Alicia arrives home she finds balloons waiting complete with
her mother’ s outstretched arms.

High School — Increased Community Communication

Personalized Digital Libraries in Project Based Learning

Once children become more familiar with study and communication habits, they need
content to be served up to them even more effectively. Learning in 2020 combines the
student personalization with the virtual mentor and sends the information out to
coordinated work projects designed for community learning. Secured broadband video
conferencing appears on every device, digital cameras capture visual content, workspaces
grow more complex, and collaboration tools are linked directly to personalized digital
libraries. These libraries stay with a learner for life. Digital highlighting, digital
conversations, group note-taking and other personal annotations make the asset active
throughout the individual’s life and can be shared with colleagues at any time.

No longer the dusty box of papers in the basement, learners collect akind of “clipping
service” so that atrip back through memory lane becomes an updated re-immersion in the
subject matter, akind of academic band between learning experiences. As students work
on building a motor, for example, large screen displays coordinate visualizations for them
to work together. They see the visual designs, on their devices and they build the motor
from graphical components that simulate what they |l be doing in the laboratory. All their
notes, their conversations with other students, their workflow, their graphics and video
captured during their research period are all recorded and stored for student review.

Internet in Your Ear

Since students are working more often in distributed groups, they need to be able to get
information more effectively. Students work in groups and ask questions aloud, receiving
information through earpieces that feed constant information and personalized
entertainment upon request. As the students work on an experiment trying to figure out
how electromagnetism works, for example, they talk through their devices to ask for
definitions of words, or ask for asimulation to show them how something like Faraday' s
law works. Sometimes explanations don’t work, so calling up a simulation can help them
grasp a concept better. Once they think they understand, they apply the principle to the
design and ask for feedback from teachers and co-workers.




Teachers can listen into conversations as well, and they control input when necessary for
group messaging or for helping students stay on task. Centralized visualized displays are
constantly updated to project student progress, tasks to be performed, and provide guided
instructions for learning more about atopic and to help with task completion. Experts are
available online to evaluate the engineering quality of the students projects. They are
also available to students when they are presenting results, so they can help them deliver
their results more effectively. If students are buying materials for their products, the
transactions are integrated into their digital financial records, approved by the appropriate
person and delivered to the laboratories immediately.

Ubiquitous Student Controlled Interfaces

Voice recognition is the standard method of both input and output, occurring mostly
outside the classroom where students spend much more time. Students work in
laboratories communicating with devices that record student interactions, record
hypothesis, previous student engagements, and direct communication links to
communities that specialize in the use of the equipment and in the history of effective
construction.

Underlying the user’s experience is a ubiquitous interface that launches content based on
what the student is working on. The interface isa 3D visual bar that can be visually
refined to map to the user’ s experience. For example, if a student begins studying
Computer Science, the visual bar identifies his learning objective, his location, his tools,
his co-workers, his relevant e-mails, his notifications, the videos, related lectures and text,
the experiments, the simulations, the top 10 reading lists, the polls, and the aerts for
participating class members. Underneath, likes an assessment tool that reminds the
students where to focus attention.

Students work in sophisticated visual environments deconstructing and constructing
objects on the screen allowing them to question why things work the way they do.
Imagine students using intelligent reusable visual components to build a plane that flies, a
bridge that spans aravine, or an electronic device that can actually be built by another
team As students work in simulated environments with smart learning objects, they

begin to understand the underlying scientific principles, and each principle is measured
and displayed to alow students to know where they are and what they need to work on
next. Force feedback devices provide input that ssimulates real world instrumentation.
Students develop areason to learn math, and they enhance their communication skills by
documenting and annotating their work for review by others.

Learning Style Adaptation

As students work in collaborative environments, the learning objects adapt immediately
to their learning stylesin 2020. The tools model the user throughout their learning career.
It maps their preexisting knowledge to the kinds of learning objects that are useful to
them for rapid learning, much like the toys they used as preschoolers. Now, in this stage
of their learning careers, their emotional responses are being tracked to help them refine
their ability to interact even more effectively with others.




So many automated processes have been built in for them: inquiry style, learning style,
personalized activity selection, multimedia preferences, physical requirements, and
favorite hardware devices. For example, if the student is in research mode, natural
dialogue inquiry and social filtering tools configure a working environment for asking
guestions and validating hypotheses. If students like rich multimedia and are working in
astronomy, they automatically connected to the Sky Server which accesses all the
telescopic pictures of the stars, introduces an on-line expert talking about the individual
constellations, and pulls up a chatting environment with other students who are looking at
the same environment.

If the student is struggling with a concept, the intelligent tutoring services turn on
automatically. If the student needs to practice a psychomotor skill or is restricted because
of physical limitations, hardware devices are immediately recommended to assist the
student, and locations at various schools nearby are identified for the student to use the
equipment. If the student is having difficulty with complex processes or principles either
assisted or augmented reality is initiated and the student jumps into a virtual world
scenario that gives them an enhanced perspective of the problem and allows them to play
the actor solving problems. Thisis especially useful in engineering and scientific
solutions because they also reveal the math behind the phenomena, giving the student real
world examples, with the theoretical supporting math Discovering the visualizations of
math can be highly contagious.

High School 2020 Scenario

Eddy’ s day starts when his Internet earring goes off at 6:30 with his favorite music
playing. He wakes up, and sees his schedule for the day on hiswall screen. He notices
that he has early lunch today so he makes sure to bring a snack along with him. After
getting ready, Eddy returnsto grab hislearning tablet and notices that he has received a
bus alert with an exact GPSlocation. His bus is running 15 minutes late so he has some
extratimeto get ready. He tells his virtual mentor to identify his daily learning packet
that he has received from school which contains all of his work projects, meetings and
notes for the day. They areread to Eddy via voice in hisearring.

Eddy has team deliverables due to be presented in hisfirst class period. He will
review the presentation with his team through his two way video tablet on the way to
school. He compares his schedule to his teacher’s schedule and picks a time he can login
for the remote meeting for a 1 on 1. His calendar is automatically updated with the new
appointment and a message is sent to all the team members, including the teacher.

Eddy’ s virtual mentor checks the bus online and announces to Eddy that it is just turning
down his street. He gathers his tablet and his gym bag and heads out the door.

Upon entering the bus, Eddy’ s clothes scan his student number and the school is
immediately notified that he has made the bus and will be conferencing in en route. Eddy
arrivesto school 15 minutes late, but has been in constant communication with his team
going over last minute details for the presentation and they' re good to go. His music
comes up and he listens to his favorite song as he walks across campus. He arrives and
joins the project team who are reviewing details about the Persian Gulf War that are



relevant to Eddy’ s school mates in Egypt on this project. Eddy reviews a vision of the
history of the discussion and watches as personalized information puts the discussion into
context for him. A set of questions are automatically configured for himto review and a
green light goes on indicating it’s his turn to engage.

An alert appears on histablet right before the end of the period, reminding him that
he isto meet his science team outside today. Today in science, Eddy is completing his
personalized learning project. This project was designed especially for Eddy’ s learning
style and allows him to use an observation-based instructional process. While outside,
Eddy works on the effects of light on plants, using his virtual biosphere to experiment. He
collects real-time data from various laboratories throughout the world, helping him
manage his unique ecosystem.

He begins a dialogue with plant specialists whom he encountered over the Internet.
The softwar e recognizes that Eddy struggles with some terminology as his interaction
rate seemstoo low. His questions don’t seem to map directly to the content. His virtual
mentor immediately provides support resources and appears on his screen ready to show
and tell. The virtual mentor asks Eddy some questions and explains some of the concepts
that he is having trouble with. After finishing the tutoring session, Eddy submits his
project for team review again and receives an A, the standard grade of all high school
students.

Eddy heads to the cafeteria where he picks up his pre-ordered lunch and debits his
student account. After lunch, Eddy has 3 more projectsto check in on and then a free
period. During his free period, Eddy has signed up to learn Chinese from a school in
Beijing. Eddy signsin to the course and begins talking to his classmates via embedded
cameras and a virtual interface for picking objects up. Sudents walk through the
video/virtual city talking and discussing the environment around them. When Eddy
doesn’t pronounce his words right, a voice monitor appears and shows Eddy theright lip
and tongue movements. He repeats and one of his virtual classmates tells him * most
excellent” .

After school is over, Eddy has basketball practice. Eddy’ s basketball is hooked to
sensors that monitor the pressure on the ball, histrajectory and his travel speed before
he makes a shot. During his bench time, his video glasses show him professionals making
shots and highlights past games that he has played that he reviews during his next warm
up. Eddy receives an alert that his mother hasto work late today and that she’s arranged
for Eddy to go home with another mom, whose virtual mentor |eaves Eddy a message, a
picture of the car, and a time she'll meet him at a GPS designated location. Eddy arrives
home after practice and calls his girlfriend. His snack is awaiting himin the refrigerator,
calories, carbs and protein all listed in his personal health indicator. Eddy spends the
rest of his event going over movie reviews with his girlfriend for their weekend date,

College and Lifelong Learning

College has changed alot in twenty years, as college students work more often with
industry partners, co-working on projects. College has benefited from improving the
learning process over twenty years and students are ready to take on much more



sophisticated experience working on their own rather than sitting in classes listening to
lectures. They are more responsible for finding a person to work with to create solutions
to real world problems. Industry and nontprofit community organizations are excited
about working with students as they share their workloads and help prepare students to
gain work experience. Similarly, industry workers who want to learn more about various
topics are happy to join teams of eager students with great ideas.

Scholastic reputation management might begin at the high school level, but it gets serious
in college. Students study broader and deeper and require much more concentration and
time on applying learning. All the tools for personalization, collaborating,
communicating, and building are still available. The dominant technologies revolve
around great visualization and programmability, laboratory tools, project management
and ubiquity of tool access. Students are required to attend only the right lectures and can
receive them in their ear or watch them on 2-way interactive video tablets; in addition,
they utilize immersive visua environments in which they work on long term projects
with customers who are actually working citizens.

Student projects are monitored with real time assessment monitors that map to the
workflow metrics in the companies. Students are evaluated by their successful
deliverables, their timeliness, their ability to work on teams, and their communication
styles that have been monitored in process. Virtual mentors continuously adapt student
interactions with their lifelong digital profiles, and map the effectiveness of their
contributions to published company goals. Industry takes careful steps to identify
recruiting requirements and detailed reports are shared between institutions to ensure
student learning and return on investment.

Super Simulations and Sensors

Simulation technologies and powerful sensor technologies provide scaleable models for
engaging in the learning by doing. Simulations allow students the opportunity to build
integrated environments with objects in one environment that serve similar purposesin
another environment. This level of programmability across multiple visua environments
is the metric for successful development. As students move from the visual world to the
real world, sensors in laboratories provide students with feedback as they reconstruct and
deconstruct various objects in real time, with real materias. The laboratory environment
becomes ubiquitous, and students spend the mgjority of their time working on projects.

Intelligent Laboratory Objects

Embedded technology now designs learning into any object used in education. Students
receive physical components that instruct the student how to design, test, and connect
them together. Students build robots frequently to perform various functions to prove
their concepts. If the student fails to create a solution, he automatically remediates to a
visua environment for practice and better visualization of key concepts. If the student
still struggles with the content and actions, he is sent back to the original set of
instruction and exercises through an online video conferencing environment. Internet
based laboratories are the norm where students are able to run laboratory experiments
wherever they find them, meaning that not all schools don’'t have to budget to build




exactly the same capabilities. Instrumentation is managed remotely and students work
together in laboratory groups to learn how to use equipment effectively.

Project Management

Students write more software in 2020, not least because all scientific disciplines require
increasing amounts of computing sophistication. So, they must be taught to identify
opportunities and customers, manage their requirements, provide effective documentation,
and manage source code, rel ease management, testing and usability. Students manage
severa projects with outside customers through internet interfaces, virtual conferences,
and shared workspaces. Task analysis software is personalized and everyone who is
responsible for an action item is automatically notified, as well as all the related
collaborators. Voice technology eases communication as students wear technology in
thelir clothing allowing them to access both content and people wherever they are.
Students are finally getting a grip on how to program software, teach programming to
their coworkers or team members, and manage software projects.

Higher Education 2020 Scenario

Sumi wakes up in the morning, talks to her visual display on the wall and her virtual
mentor brings up a visualized schedule for the day. Sumi has a videoconference meeting
with her advisor at 10:00 and an economics project review to log into at 10:30. Shelogs
into her project review venue from her room at 10:30. As the team leader (in this case the
professor) moves from one key concept to the next, a Q& A session appears on the screen
to check to see if Sumi under stands the concepts.

The video session pauses as Sumi answer s the questions, messaging to her co-
workers for clarification. Sumi is struggling with one concept and her virtual mentor
appears with more detail and a short video that was served up on the topic. The virtual
mentor knows that Sumi is a visual learner and responds better to video with examples.
After further explanation and follow-up questions, Sumi is till struggling with the topic,
so a teaching assistant is notified and automatically schedules a meeting to help Sumi
understand the material.

After 10-15 minutes Sumi rentersthe video conferencing meeting. The system
summarizes the key points that she missed real time, including all student questions. She
pauses the video and submits a question and a series of discussions return on topic. The
answer sheislooking for comes from one of the industry members that she has worked
with before. She returnsto the video. The session ends at 12:00 and Sumi heads over to
campus for a lunch meeting.

As she bikes over to the restaurant, an audio notification sounds froma chip in her
sun hat. The Health Sciences department announces a blood drive, and she sends a voice
command signing her up for it. Her online schedule is automatically updated for a future
reminder. Sumi eats lunch with a couple of friends, and conducts a virtual meeting with
classmates in her Urban Planning project team. She's promised herself not to multitask
like this when she’ swith friends, but she’s got a deadline and it can’t be helped. Sgh!
Timeis still the currency of the 21% century.



Her virtual project manager, a professional urban planner froma local firm, sends
her great feedback on their combined project, including customer notes, a marketing
video and graphical simulator showing the park improvements in the new housing
development she’ s been working on. All of the voice commands she sends to the project
manager are automatically logged and distributed to her co-workers.

Architecture class begins at 1:30 and Sumi attends in person as they are handling
real building materialstoday. 3-D simulation software is provided at a study kioskthat
allows Sumi to tweak her design and model and experiment with different physical
materials before spending time in the studio. She finds the name of a materials expert in
her ubiquitous working interfaces, asks a quick reference question, makes a change to
her virtual design and sends the list of materialsto the studio. To help herself prepare,
Sumi calls up previous projects through her course interface and reviews comments from
her instructors, both in ink-written format and through personalized video
feedback. She's such an overachiever. Some things never change.

Lifelong Learner 2020 Scenario

Caramela registers for an advanced circuit board design course. She's having a
problemin her response time and needs to learn more about crystallography. Based on
her learning requirements and the cour se objectives, personalized academic material is
downloaded into Caramela’ s choice of form factors (one for the car, one for reading on
her tablet, one for her graphical environment). Her wallet receives the transaction
receipts and her expense reports automatically reportsto her company and the bill is
paid instantly.

A mandatory session on campus is available via teleconference, and although
Caramela is on her way to the airport at the time, the session is recorded and sent to her
wireless audio device which she'll interact with on the plane. As shereviews and
interacts with the material, she watches information automatically populate into her
assessment monitor that she filled out with information on why she’ s taking this course.
She identifies which content is useful to her, examines the auto-generated goal maps and
aligns the information with her current projects. An e-mail is automatically generated for
her to send to her co-workers, customers and teacher to update them on new ideas she
has that could be related.

A notification from her instructor arrives on her cell phone with a reminder of the
first online project he wants to discuss. Along with it come a research project outline,
suggested contacts, and an analysis of how her current project that she identified as the
reason to take the class relates to this project. The instructor reviews her task list and
makes a few suggestions on how to work best with her virtual team.

A couple of days later, Caramela returns from Chicago and emails her boss with
some suggestions for a decrease in resources for their project. She' sfigured out a clever
way to solve one of their problems as a result of the first course interaction and
evaluation of workflow for the project. She's seeing results already, cool! She decides to
take a Q& A exercise to see how to best move through the rest of the material rather than
watch the movie. She decides to work together with a couple of colleagues, who always
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share information on the topic she’ s reviewing. She returns home and spends the
weekend with the kids.

Two Mondays later, she discovered that she did so well on the timed exam that the
assessment tool suggests to her, the instructor and her colleagues, that she should
probably move on to another interaction level. Caramelais quickly able to advanceto a
simulated work experience via shared applications from a real-world 3-dimensional
toolset accessible from her laptop. It'sa lot easier to work on something you can see, she
thinks to herself. She startsto take apart the virtual circuit board she' s been working on,
and the 3D environment explains what functionality has been eliminated. Sheinserts a
new chipset that she programmed fromworking on her project in class, and the circuit
board reflects much faster response time. She is enjoying this first week of her
semiconductor course.

In only the first week of her online class, Caramela has already demonstrated a level
of skill to advance her to reach her career potential through a fully customized learning
experience—accessible at her personal convenience and choice of device, personalized
level of learning, and length of time to complete. She thinks she'll sign up for another.
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PLAYING GAMESTO L EARN COMPLEX SKILLS:
COMPUTER SIMULATION FOR MEDIC TRAINING

Gerald A. Higgins, Ph.D.
SmQuest International, LLC and The Federation of American Scientists

The military medic and the civilian
Emergency Medica Technician (EMT) must
be prepared to perform difficult, life-saving
procedures, often in the face of traumatic
injury and danger. These challenges have
been increased with the emergence of
Weapons of Mass Destruction (WMD), and
the realization that civilian healthcare
personne in the United States may have to
cope with mass casualties requiring prompt
and effective medical care under difficult
environmental conditions.

Like playing amusical instrument or
flying a plane, medical procedures involve
both cognitive and technical skills that
demand fregquent rehearsal for proper
execution. Treating a patient in crisis with
the added burden imposed by dangerous
settings such as the combat battlefield may
produce a stressful experience for the medic,
sometimes leading to faulty decisions and
medica errors. Unfortunately, skills such as
Cardiopulmonary Resuscitation (CPR) are
easily forgotten (see Figure 1), and thereis
little opportunity for medics and other
healthcare personnel to refresh their skills
through practice on rea patients in settings
that approximate the dangers of the
battlefield or the mass casualty event.

Simulators Can Train Complex Skills and
Provide Objective M easur es of Performance

Computer-based simulation has been used
extensively in the airline industry and in the military
for effective training of cognitive, perceptual and
motor skills. More recently, simulators have been
used for training medical personnel in procedures
using manikins and virtual reality systems. Medical
smulators may include both three-dimensiona (3D)
models of human anatomy displayed on a computer
monitor coupled with a“haptics’ device that
conveys a sense of touch to the user. Thus, a
paramedic inserting a chest tube or a surgeon cutting
into a‘virtual’ patient can visudize anatomy and
feel the forces associated with the actual procedure
using aforce feedback device similar to the
controllers used in computer gaming.

In addition to the value provided by smulators
for skill training, these systems can aso provide an
ongoing assessment of the performance of the
trainee, including metrics such as judgment, timing,
sequencing of procedura steps, spatial accuracy,
errors, etc. In medicine, the development of
performance metrics and the objective assessment of
performance is a difficult and complex process,
because it requires decomposing the medical
procedures into their elemental parts using a process
caled task analysis, depends on ‘buy-in’ from
experts in the medica community, and requires

Figure 1: The ‘Cuve of
Forgetting’. Decline in the
number of soldiers able to
perform CPR at an adequate
level  without  refresher
traning. Adapted from

Hagman and Rose (1983).
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validation using rigorous scientific methods.
The performance can be displayed to the
user in a debriefing session, and compared
to the user’ s past performance and to the
performance of other users. When properly
configured and validated, computer-based
simulators can provide objective assessment
of performance to be used for certification in
medicine, as they have been used for
certification in aviation.

Pilots, Surgeonsand Race Car

Drivers: Computer Simulation for
Training Dangerous Tasks

One approach for refreshing and
sustaining technical skills isto alow the
medic and other healthcare personndl to
practice proceduresin simulated
environments that reproduce many of the
difficulties found in rea world, emergency
settings. An advantage offered by simulation
in al domainsis the ability to expose
personnel to unusua settings and situations
where practice improves performance and
reduces error in real world tasks. A
comparison between the smulation
requirements for training combat pilots and
trauma surgeonsis shown in Figure #2. In
flight simulation, pilots are exposed to
dangerous scenarios such as broken engines,
difficult settings such as night landings on
arcraft carriers, and unusua situations such
as flying a B2 bomber at treetop height, all
of which would be difficult or impossible to
perform in the real world without repeated
prior exposure on asimulator (Higgins et d,
1997). Similarly, surgeons can safely
practice difficult procedures on smulated
patients under life-threatening conditions,
medics can stabilize injured soldiers while
simulated bullets whiz by, and Formula One
race car drivers can learn new circuits at
high speed in 3D computer smulations.

The combination of a compelling 3D
computer graphics smulation with a
competitive game-like environment
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Figure 2
Characteristics Shared Between
Air Combat and Trauma Surgery:
Skills and the Simulation Environment

Multidimensional skills, with an emphasis on
perceptualy-tuned cognitive performance in a
complex spatial environment

Cognitive skills are critical for negotiating
decision pathways

Requirement for a continuum of motor
performance, ranging from precise ballistic
movements to steady-hand maneuvers and
continuous perceptual-motor tasks
Requirement for intense visuo-spatia
navigationa skills, including 3D visualization
Need for trgectory guidance and
minimization of collateral damage

Stressful, time-dependent performance
requirement

Operator must adjust behavior in response to
rapidly changing environmental cues
‘Mission-critical’ - Failure has grave
consequences (e.g., death)

Operator commands immediate mission
environment with ultimate responsibility for
success or failure

Performance cannot be easily trained using
other methods

Virtua redity can be used to provide a
stressful training environment

produces an engaging tool for training and
sustaining medic skills. The simulation game can be
configured like a spirited contest in which players
can test their skill against other players, comparing
results tracked by the software. Profiles of idealized
‘modd’ users, such as experts, can also be stored in
the simulator for comparison to the player’s profile.
Like other computer games, the players can work in
different mission modes. In career mode, the medic
trainee can climb the ladder of medical expertisein a
progression that presents increasingly more difficult
cognitive challenges. Single player mode can alow
the user to practice the procedure while playing the
simulator, practicing cognitive and technica skills
without “leaving tracks’.
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On-Demand, Adaptive Case-based
Simulation Gamefor Medic Training

The ideal medic training system would
provide refresher training both in the field
and at dedicated training centers, be
deployable on a variety of hardware
platforms, ranging from PDAs and laptops
to full-blown immersive virtual reality
training systems, be networked into larger
simulations such as wargames and into
hospital information systems to provide
updated medical information, allow for
retrieval of the user’s past performance in
relevant patient cases including replay of
video, and be available for testing and skills
certification. However, in the short term, an
optimal simulation game for medic training
should at the very least, encompass the latest
in learning technologies within the
constraints imposed by medical training.
The goal isto embed skills, judgment and
knowledge so deeply into the central
nervous system of the medic that diagnosis
and therapy are promptly and effectively
executed for point-of-wounding care even in
the most dire and stressful of circumstances.

Figure 3 shows some of the features of a
smulation game for combat medic training.
Patient case-based scenarios are acommon
tool for differential diagnosis and therapy in
medicine. Providing the medic with a choice
of case studies, retrieved by user input or
automaticaly as part of the learning process,
greatly enhances the training value of the
smulation. Thus, if the smulation
determines that that the student is having
trouble placing an intravenous line,
additional cases are called up from the
database for training in venous access. In
some cases, the trainee should be able to
successfully perform the medical procedure
by any number of alternate, valid pathways.
Thisis often critical in medicine, since many
procedures can be successfully performed
using different approaches, many of which
may arise as a consequence of the specific
complications, anatomical anomalies, or
combination of procedural elements that are
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Figure 3:
Sdlected Features of a Smulation Game

for Training Combat Medics

1. Automated patient case scenario retrieval based
on the location, training need and circumstances
as indicated by the user, or generated from the
software program, including automated reach
back functionality to select appropriate cases for
training;

2. Recording of student state for on-thefly
adjustment of training resources,

3. Intelligent tutoring that can track the performance
of each individual’s progress during instruction
and encourage trainees to formulate questions
when they’re confused, providing context-
sensitive answers when appropriate, and summon
human instructors when needed;

4. Performance assessment based metrics validated
by the medicadl community, resulting in
automated debriefing providing interpretation of
cognitive skills and technical skills as part of the
After Action Review (AAR).

5. Scalable training with SCORM (Shareable
Courseware Object Reference Model)-compliant
content modules, including different versions for
field and training center applications;

6. Competitive and engaging computer graphics-
based game environments, allowing trainees to
compete against each other and expert users,
including single player and career modes, in the
context of appropriate combat settings including
specific ground warfare sites;

7. Distributed, networked capabilities supporting
multi-player including team training capabilities
and allowing interface with other systems,

8. Learning Management System, including event
recorder and common administration database
containing user performance ratings;

Support for hardware interfaces and functionalities,
including compatibility with laptop delivery platform,
video capabilities for student state recording and
playback modes, and extensions to immersive virtual
reality devices.

(from SimQuest International LLC)
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presented by the specific patient case. The
simulation should not only be able to track
the student’ s progress through the content, it
should aso be able to determine the
cognitive and emotional state of the student,
determined by how the user behavior in the
simulation, or by more direct physiologic
measures of the student state such asEMG
or video analysis, and adapt the instructiona
content to suit the needs of the trainee.
Intelligent tutors, programmed into the
simulation, or available as live experts
accessible online, should provide remedial
help when needed. Automated debriefing
can list and score the correct and incorrect

choices, for review by the trainee and higher

superiors.

The Digital Human: Bringing M edical
Simulation to Life

Although great progress is being made
in the development of computer ssimulation
for skills training, the next generation of
medical smulators will greatly extend the
benefits of this approach through advances
in technology. Today, we can envision the
value of simulation training by providing
medics with the opportunity to refresh their
skills with engaging gameplay and validated
medical content. In the next few years, not
only will visually redistic simulators run on
the desktop, they will aso support
sophisticated functions such as the
integration of physiology to cregate redlistic
“breathing and bleeding” human
simulations, predictive human models that
can integrate diagnostic image data and
laboratory tests to forecast disease within
specific patients, smulations that can serve
astestbeds for new therapies, drugs and
interventions, and simulated surrogates that
substitute for actual humans in dangerous
settings (Higgins et a, 2001). The eventua
god of research and development efforts
will be the devel opment of a coordinated
“Digital Human”, consisting of models,
simulations and databases spanning
molecule to organism. The challenge posed
by thiswork isthat avalid and accurate
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model of human structure and function can be built
to serve as the standard for medical diagnostics,
therapeutics and education.
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NEXT GENERATION LEARNING SYSTEMSAND THE ROLE OF TEACHERS

The Learning Federation

Given an aggressive nationa investment
and skillful management, technologies
achievable by the year 2020 could transform
learning — making it more productive, more
personalized and more compelling for learners
of any age and with any background. These
technologies will make it possible to
implement arange of powerful new
instructional strategies long recommended by
experts in cognition, but which were
previoudy unaffordable. The instructiona
strategies enabled by these new technologies
will more closely resemble some of the
earliest forms of instruction based on tutors
and apprenticeships than today’ s factory-like
classrooms. For example, new tools will
permit learners to explore and test their skills
in smulated environments unaffordable or
unattainable in any previous learning system.
These new learning systems will change the
process of learning, redefine the role played
by the teachers, and create an enormous range
of challenging new teaching occupations.
What they will not do is replace the need for
human teachers, tutors and counselors who
can provide expert instruction, provide
inspiration, encouragement and discipline, and
serve as exemplars of the kinds of expertise a

descriptions of the people and institutions involved.
Thereis no reason to believe that education will be
any different. Consider what has happened in
medicine. Aslittle as a generation ago the
occupations in medicine were largely limited to
family doctors and nurses. But today, modern
physicians can draw on an enormous array of
medical professionals to provide specidized
expertise, devel op and maintain sophisticated
medical equipment and software, and perform
elaborate testing. It would be down right frightening
if your medical care was limited to what your family
physician could perform in his office — but that is
largely the situation teachers find themselvesin
today.

The discussion that follows will explore changes
possible to the teaching profession in post-secondary
education because the Learning Federation has
concentrated its efforts on research and development
for post-secondary learning environments.

However, many, if not most, of the changesin
teaching professions, instructional tools and
management innovations discussed here will
undoubtedly aso apply in K-12.

Next Generation L earning Systems

By the year 2020, teachers will routinely work with
teams of people with expertise in many different areas and
draw upon avariety of learning products and services. New
learning systems will enable teachers to create challenging
assignments that can close the gap between the world of
instruction and the world of work and tailor instruction to
increase the efficiency of learning. New learning systems
will make more productive use of both the teacher’s and
learner’ s time and talents and provide useful, multi-
dimensional assessments of each learner’s expertise and
ability to accomplish complex tasks. For example:

learner can aspire to achieve. Teaching and
other related occupations in education and
training systems will become much more like
other “knowledge economy” professions,
having more opportunities for professiona
growth and more support from technology and
specialists.

In many sectors of our economy, skillful
use of technology has resulted in an increase
in the quality of products and services, greater
personalization of services, increased
efficiency and reduced costs. Realizing these
benefits required coupling information
technology with careful rethinking of the
processes, management structures and job

The process of learning will dramatically
extend from “teacher push” to “learner pull.”
With future learning systems, human instructors
and arobust array of software tools will shape



the instructional path in ways that can be
most efficient and most motivating for
each individual Intheright time and
place, lectures will still be critical, but
current learning environments too often
consist of Sitting passively in aroom with
a hundred people and little expectation of
being an active participant. Next
generation learning systems will alow
learners to access live and recorded
lectures from multiple sources.
Performance-based assignments will allow
learners and small groups to demonstrate
levels of expertise in tasks where they are
strongly motivated to succeed.

L earning systemswill be built from a
set of powerful tools allowing
instructional designersto go from

concept to operational systems quickly.
They will also permit continuous upgrades

and improvements as problems are
discovered and new concepts are proposed
and tested. The tools will include systems
for: continuously evaluating the learner’s
approach to expertise in critical aress;
providing quick, context-sensitive,
individualized responses to questions by
dispatching questions to automated
systems and human tutors and experts;
rapidly building networks of learnersand
teachers; monitoring a user’s level of
interest, anxiety and motivation; adapting
to specific learners (language of
instruction, cultural background, learning
abilities); and systems for building
simulations reflecting the state-of -the-art
in science, engineering and other fields.

Robust simulations will make possible
assgnmentsin which learners learn and
test their expertisein addressing
compelling assignments and problems.
Coursework could include being turned
loose in avirtud representation of
Renaissance Venice and asked to find the
secret behind the legendary blue coloring
of their glass, engineering and building a
(virtual) bridge over a (virtual) Mississippi
River, navigating the interior of a (virtual)
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pancreatic cell to determine why signals
reaching it do not stimulate insulin, or being
given a broken (virtual) avionics system from a
Boeing 777 and asked to repair it.

Teachersand learnerswill beableto call on a
variety human tutors, counselors and experts
and summon avariety of automated help
systems for addressing routine questions.
Learners will work face-to-face with teachers
and tutors and be able to call on aworldwide
network of subject-matter experts and other
specialists when interesting questions arise.
Sophisticated tools will help diagnose sources of
confusion and suggest new learning strategies
based on analysis of the experience of large
numbers of learners facing smilar situations.

A combination of automated monitoring
tools, tutorsand other specialists will make it

possible to continuously adjust the pace,
nature and style of the learning processto

ensure alearning experience optimized for each
learner. Instead of being forced to move al
learners forward at a uniform rate, teachers will
be able to move each individual forward at a rate
consistent with his or her measured performance
in each area. No one will be forced forward
before demonstrating comfort and confidence in
the concepts being learned.

This combination of automated and human
observer swill enable continuous measur es of
competence integra to the learning process that
can help teachers work more effectively with
individuals and leave arecord of competence
that is useful and informative to learners, future
teachers and employers. (If you succeed in
flying asimulated airplane or cure asimulated
patient in an assignment, there should not be
much argument about what is being measured.)

Implicationsfor Teaching and Related Education
and Training Occupations

The systems just described can make the
learning process more productive and more
rewarding for each learner and teacher. However,
asin every other sector of the economy that learned
to make effective use of new information tools, these
gainswill require dramatic changes in the
organizational structures and management systems
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of the ingtitutions that deliver education and
training services. Education and training
institutions and their supporting industries
must dramatically improve the way they invest
in innovation, manage innovation, investin
capital equipment (including software) and
assign respongibilities to different occupations.

These changes will reshape the nature of
employment in education in a number of
ways.

Teaching will become much more
per sonalized because teacherswill be
able to spend much moretimein
dialogues with individuals and small

groups.

Therolesbundled in the job of today’s
teachersarelikely to be“ unbundled”
(lecturer, tutor, counselor, subject-matter
expert, administrator, disciplinarian,
record keeper, evauator, curriculum
designer) with many tasks performed by
experts or automated systems with
speciaized expertise. (See box).

As a consequence, teachersand tutors
working directly with learnerswill
work asa part of sophisticated and
continuously changing team involving
specidists and speciaty firms.
Professionals may specialize as subject-
matter experts, expert teachers,
instructional designers, courseware
developers, applications designers, or a
variety of other occupations, and they may
concentrate on the roles at which they
excel and find most rewarding.
Individuals may undertake several roles
simultaneoudy and are likely to move
between jobs for career advancement or
because an inspired opportunity defines a
business opportunity.

The new supporting industries will
generate an enor mous number of new
occupational opportunities. Many of
these will bein firms that produce tools
and services sold to alarge number of
education and training ingtitutions (and in
some cases to individuals) worldwide.
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Since many of the skills involved will be
required by other businesses, movement into and
out of education professionsis likely — a process
that will ensure that education takes full value of
innovations occurring throughout the economy.
Online instruction will make it much easier for
individuals to build new skills that would alow
individuals to change specidties during the
course of their careers.

Professionals at all levelswill need to
continuoudly upgradether skills and usean
array of tools for professiona development
throughout their careers. This can include
keeping abreast of developmentsin the field
being taught, understanding advances in the
theory of cognition, pedagogy and assessment,
and understanding innovations in software
design, standards and communications.
Fortunately teachers and other professionals will
work in an environment allowing easy access to
high quality instruction in al areas—sometimes
using tools they themselves have devel oped.
Demonstrations of expert teaching will be
reaedily available over the high-speed internet,
and the new information tools can let teachers
see discussions on how other teachers have
approached a subject or deat with a difficult
situation and facilitate dialogues with their
colleagues as they struggle with similar issues.

Summary

The improvements in teaching and learning just
described will require a major national investment in
research and skillful management of these
innovations by education and training institutions.
The needed research will require large, persistent,
well-managed research programs and partnerships
drawing on industry, government, foundations,
universities and schools. New learning systems will
only be affordable if these research insights are used
to build robust, reliable, well-evaluated tools that
allow investments to be amortized over alarge
number of users. It may, for example, cost severd
million dollars to build a powerful biomedical
smulation, but the investment can be returned
quickly if the product and interaction model can be
used by hundreds of thousands of course designers
and teachers worldwide. It may seem expensive to
employ specialists in specific types of learning
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disabilities, but if the specidists can work
online to quickly diagnose and advise teachers
and learnersin alarge region the amortized
cost will be affordable. Making effective use
of these tools and redefining the roles of
teachers and other professionals needed to use
them to achieve red gainsin learning will
require creative management by education and
training institutions and supporting industries.

Inthe end, it islikely that the chalenging
new occupations of teaching, tool building and
support services will give education
occupations the same respect, and same
remuneration, enjoyed by other knowledge
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professionals. There will be much mor